Abstract: Risk assessment of climate change impacts and the post-mining land reclamation on the example of the "Brzeziny" Natural Aggregate Mine. Mitigation of climate change and adaptation to its effects manifested in increasingly extreme meteorological phenomena are one of the most important contemporary global challenges. In the face of new hazards, numerous measures are taken to adapt environmental components and ventures to climate change, such as the reclamation of degraded areas -recognized as a key adaptation and mitigation action. The success and the property of selecting these measures, including reclamation, requires a detailed recognition of the risk of occurrence of various hazards and of the severity of their consequences in a given area. The study assessed the risk of the climate change impacts on the post-mining area and based on its results an optimal method of reclamation of the "Brzeziny" gravel pit was proposed, aimed at the maximum adaptation of the area to the occurrence of potential climate events. The risk analysis was based on elements of the common risk assessment methodology (CRAM) and enriched with elements of the analytic hierarchy process method (AHP). Moreover, the event tree analysis (ETA) logic technique was used to assess the proposed adaptation measures at the reclamation stage.
INTRODUCTION
Dangerous meteorological phenomena such as heavy rainfall, fl oods, heat waves, droughts, wildfi res, strong wind etc. being a consequence of observed climate changes, are expected to become more frequent and more violent (MŚ 2013a) . In the face of increasing risk, as part of the implementation of climate policy, two types of activities are undertaken -adaptation and mitigation. Adaptation aims to adapt areas and elements sensitive to phenomena resulting from climate change and reduce their negative effects at the local, regional and national level (EC 2016) . The mitigation, on the other hand, aims to reduce greenhouse gases emissions, as well as to strengthen their sinks by, for example, the appropriate land use (Füssel 2007 ) mainly at national and international level. Mitigation measures are an important element of international climate policy and are necessary for effective adaptation activities. Both areas -adaptation and mitigation must be mutually consistent (EC 2007 ).
An important element in the design of adaptation and mitigation measures is the assessment of the risk of the impact of climate change on the analysed area (Capstick 2016) . This risk assessment identifi es the level of risk for individual hazards and indicates those for which actions should be taken fi rst. In addition, it allows to designate those elements that are the most vulnerable areas in the context of climate change.
In the case of post-mining areas, the best moment for implementing measures to adapt such land to climate change is the reclamation stage. The mining entrepreneur is obliged to reclaim the land, transformed as a result of exploitation (Geological and mining law). Act on protection of agricultural and forest land from 2004 defi nes reclamation as granting or restoring degraded or devastated land utility or natural values by properly shaping the surface, improving physical and chemical properties, regulating water relations, restoring soils, strengthening scarps and rebuilding or building the necessary roads. Reclamation is thus the fi rst stage of the post-mining area repair and prepares it for the fi nal development (Chodak 2013). Therefore, it seems appropriate to include in the design phase of reclamation the risk assessment of the impact of climate change on the post-mining area, which will allow for optimizing reclamation actions and preparing the site for potential extreme meteorological events.
The work involved the risk assessment related to the occurrence of extreme meteorological phenomena, adaptive actions were proposed at the reclamation stage and the analysis of the course of these phenomena was performed after applying the proposed measures.
STUDY AREA
The assessment of the risk of the impact of climate change manifested in extreme meteorological phenomena has been carried out for the "Brzeziny" Natural Aggregate Mine. Exploitation of the natural aggregate deposit was conducted using the opencast method under the water surface, resulting in a water body with an area of approx. 24 ha.
The study area is located in the Opolskie Voivodeship, Nysa Poviat, Skoroszyce Commune. The area on which the mining plant is located is characterized by fl at terrain and agricultural development. In addition to agricultural fi elds, forests, meadows and wastelands occur in the vicinity of the mine. The closest surroundings of the water body are shown in Figure 1 . The south-eastern part of the reservoir was reclaimed in the forest direction and made available as fi shery for recreation.
METHODS
The risk assessment performed in the paper was based on the elements of the common risk assessment methodology (CRAM), consisting of three stages of risk assessment: identifi cation, analysis and assessment (Papathoma-Köhle et al. 2016) . Risk identifi cation fi rst requires determining the context in which the risk criteria are located, then determining the types of hazards related to climate change -in this case extreme meteorological phenomena and determining elements of study area endangered with these phenomena. The next step is to analyse the risk consisting in determining the relative likelihood of the occurrence of a given phenomenon in the considered area and determining the relative impact of its consequences in relation to the previously selected elements of the mine. Relative likelihood were determined on the basis of meteorological data (IUNG, Meteoblue), maps (IMGW, KZGW), documents (Flood risk management plan… 2016, Rudkowski et al. 2016 , Rybczyńska-Szewczyk et al. 2016 , materials (Documentation of reclamation… 2015) and literature (Buchert et al. 2013 , RCB 2013 , while in determining of relative impact was considered: the degree of transformation of each mine element, spatial conditions and susceptibility to the effects of hazards resulting from individual features of elements (including: landlocked shape of water body, degree of soil compaction, species diversity and condition of plants and trees). It was assumed that due to the small surface of the analysed area, the relative likelihood of occurrence of a given hazard is the same for all endangered elements. However, the relative impact of a given hazard has been assigned individually to each element. These parameters form the risk matrix (Fig. 2) , which determines the level of risk for individual elements. To make risk evaluation, the risk levels for hazards were averaged. At this stage, FIGURE 2. Risk matrix the hazards for which the level of risk should be reduced were indicated. Then, the elements of the analytic hierarchy process method (AHP) were used to determine the two most sensitive elements of the mine for which adaptive measures should be taken fi rst. This method assumes that decision-making processes based on many criteria, including non--parametric criteria, are used to compare pairs of individual elements and create their hierarchy (Ostręga 2004) . In this study, all elements of the mine were compared in pairs, and the following criteria were used: partial risk levels for individual mine elements related to hazards with an average level of risk higher than medium, as well as the ability to regenerate each element after the occurrence of these threats. The ability to regenerate was estimated by the author on the basis of fi eld study and analysis of features and determinants of individual elements of the mine (including factors related to terrain and vegetation condition). The final stage of risk evaluation is the selection of actions aimed at reducing the risk level of two previously selected hazards and assessing the accuracy of selection of these activities. For this purpose, event tree analysis (ETA) was created for the case of occurrence heavy rainfall and of the occurrence of drought, taking into account the proposed reclamation measures, which are also actions aimed at adapting thhee most vulnerable elements to climate change thus reducing the level of risk. T research was elaborated on the basis of meteorological data analysis, analysis of documents and materials (including unpublished materials provided by the mine) and literature and fi eld studies.
RESULTS AND DISSCUTION

Risk identifi cation
Risk assessment was performed for a specifi c area, which is the post-mining area in an closed open-cast mine of rock raw materials. Over half of the area is a water reservoir created as a result of exploitation. In the identifi cation of hazards, their impact on particular elements of the mine environment was taken into account, i.e. water body, trees, meadow, land without vegetation and grasses, as well as potential development directions. On the basis of a detailed analysis following hazards were identifi ed:
fl ood -the area is located on inundated land of Nysa Kłodzka; wildfi re -associated mainly with the presence of anglers who leave trash, including increased amounts of glass bottles; strong wind -the mine is located in an open, fl at space; heat wave -frequently occurring hot days in recent years in the region; drought -location in the area classifi ed for the IV drought exposure group -strongly endangered (Rybczyńska--Szewczyk et al. 2016); heavy rainfall -especially dangerous for water body due to leaching of substances from arable fi elds and contaminated soil.
Risk analysis
For all threatened elements, the relative likelihood and relative impact of individual hazards was determined. For the purpose of further analysis, the risk level of each hazard was averaged. The results of risk analysis and the classifi cation of risk levels are shown in the table. 
Risk evaluation
Risk analysis showed that the highest risk level applies to drought and heavy rainfall and it qualifi es for high risk level, which means that actions should be taken to reduce the risk level to at least medium (Wróblewski et al. 2015) . The scheme of determining two the most sensitive elements of the mine in relation to these hazards and the ability to regenerate after their occurrence has been shown in Figure 3 .
The most vulnerable element is water body. This is due to several factors -fi rst of all it is a land-locked reservoir and therefore particularly exposed to degradation. Furthermore, the surrounding farmland is conducive to the ingress of biogens and other substances into it, which can lead to water algal blooming (Traczewska 2012) . This effect may be compounded after the occurrence of heavy rainfall due to the appearance of intense surface runoff. Drought can also intensify this negative effect, as it is often associated with high temperatures and high insolation in summer, which leads to heating up of the water body and the result of emergence of algal blooms (Pac 2012).
The second most vulnerable element is land without vegetation, which is an impermeable surface. In turn, this results in a high susceptibility to water erosion associated with surface runoff and hydrological erosion associated with land waterlogging or desiccation (Karczewska 2012).
As part of the reclamation process, as adaptation and reduction of risk related to drought and heavy rainfall, the following actions were selected: afforestation in land without reclamation; treatments aimed at securing and strengthening embankment -including planting them with vegetation; --FIGURE 3. Schematic determination of the most vulnerable mine elements using AHP method shaping of surface in the direction of the drainage ditch; renovation of the drainage ditch separating arable land from the mine site; soil unsealing and increasing the share of biologically active area; special, small retention reservoirs designed for rainwater collection. In order to verify the selection of activities, ETA for drought (Fig. 4) and heavy rainfall (Fig. 5) were made, taking into account the proposed adaptation measures. The effects of their application is marked in green. It can be observed that the proposed actions have a positive impact on limiting the effects of the occurrence of these extreme phenomena. In addition, activities such as afforestation or construction of small reservoirs retaining rainwater favourably affect both the mitigation of the effects of drought and heavy rainfall (Mioduszewski 2012) and indirectly on other hazards, between which there is a wide network of relationships and dependencies and very often they may coexist (Kaczmarczyk 2014).
----Attention should be also paid to the consequences of not taking appropriate preventive measures, which in this case in the long term may lead to the degradation of the post-mining environment, and thus increase the level of risk associated with the occurrence of extreme meteorological phenomena. The necessity to verify the selection of adaptation measures and to consider the benefi ts as well as the diffi culties and threats resulting from both the application and non-application of the considered actions as an integral part of risk assessment, are also indicated by Willows et al. (2003) and Jones and Preston (2010) .
Reclamation of degraded areas is indicated as particularly important in the Strategic plan of adaptation for sectors and areas sensitive to climate change until 2020 with a view to 2030 (Strategic adaptation plan… 2012). The assessment of the risk of the impact of climate change on the post-mining area carried out in this article allowed for the precise selection of adaptive reclamation activi- 
CONCLUSIONS
The assessment of risk resulting from the occurrence of phenomena related to climate change allows identifi cation of the risk level for the post-mining area. The assessment of this level helps to answer the question whether adaptation measures should be taken for a given type of hazard. In turn, the selection of the most vulnerable elements of the analyzed area using the AHP method helps to answer the question what specifi c measures should be taken to minimize the risk level in the most sensitive places, which will translate into a reduction of the risk level for the whole area. Subsequently, ETA for hazards with the highest level of risk allows to estimate the impact of proposed adaptation measures and the impact of partial or no action to reduce the negative impact of potential hazards.
It is not possible to completely eliminate the risk (Kundzewicz 2008) , while it is extremely important to minimize its potential effects (Kundzewicz and Matczak 2010) already at the stage of reclamation work, which will reduce the negative impact of the phenomenon on the post-mining area and thus reduce the damage both in the economic and environmental, technical and social dimensions. Moreover, the risk assessment performed may also affect the selection or modifi cation of the target development direction, if the identifi ed hazard is related to the level of risk that excludes or signifi cantly limits the given type of developing the post-mining area. 
